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THE SUGAR-TUBE METHOD OF DETERMINING ROCK DUST 
IN AIR. 


By A. C. Frevpner, S. H. Katz, and E. 8. Lonaretiow. 


INTRODUCTION. 


In connection with investigations relating to the improvement of 
health conditions in the mineral industries, the Bureau of Mines 
has made considerable use of the ‘“‘sugar-tube method” for deter- 
mining the nature and amount of siliceous dust in suspension in air. 
By this method, a measured volume of the dusty air is passed through 
a tube containing granulated sugar, which filters out the suspended 
dust. The sugar tube is sent to the laboratory, the sugar dissolved 
in water, and the insoluble dust filtered off, ignited, and weighed. A 
portion of the sugar solution containing the dust suspension is 
made up to a measured volume, and an aliquot part (1 cubic milli- 
meter) is placed under the microscope in order that the number of 
dust particles may be counted, their size and shape measured, and 
other characteristics noted. A full description of the method and 
apparatus previously used are given in Technical Paper 105' and 
Bulletin 132? of the Bureau of Mines. 

Although this method has been used extensively both in this 
country and in South Africa, the authors are aware of no critical 
study heretofore of the efficiency of sugar in removing very fine dust 
particles, which are probably the most injurious. Indeed, the 
accurate quantitative determinations of such efficiencies are ex- 
tremely difficult. Particles 1 micron and less in size weigh practi- 
cally nothing, yet, according to recent investigations, they are held 
most tenaciously in the lungs.* 

Fortunately, two new methods, developed in connection with gas- 
mask research during the war, are now available for determining 
the efficiencies of filters for very fine particles in air—electrical pre- 
cipitation of the suspended particles on a tube of very thin aluminum 


1 Lanza, A. J.,and Higgins, Edwin, Pulmonary disease among the miners in the Joplin District, Missouri, 
a preliminary report: Tech. Paper 105, Bureau of Mines, 1915, pp. 22-32. 
1 Higgins, Edwin, Lanza, A. J., Laney, F. B., and Rice, George S., Siliceous dust in relation to pulmonary 
disease among miners in the Joplin district, Missouri: Bull. 132, Bureau of Mines, 1917, pp. 22-24. 
} Final Report of the Miners’ Phthisis Prevention Committee, Union of South Africa: January 10, 
1919, 110 pp- 
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foil,* and optical comparison of the Tyndall effect, using HoaNO 
smoke and other suspensions.® 

This report covers an application of these methods to a compre- 
hensive study of sugar-tube filters, with especial reference to size of 
tube, depth of sugar, size of granules of sugar, and effect of moisture. 


SUGAR TUBES USED BY PREVIOUS INVESTIGATORS. 
NEW YORK SUBWAY SUGAR TUBE. 


Figure 1 shows the design of a tube used in a study of dust condi- 
tions in the New York subway from 1905 to 1907.° Fifty cubic feet 
of air are drawn through 2 inches (about 
SH 20 grams) of finely granulated sugarina 
glass tube 1 inch in diameter, supported 
by a plug of wire gauze. Suction is pro- 
duced by a small portable Root’s blower 
and the volume of air measured with a 
gas meter. In the laboratory the sugar 
is dissolved in distilled water, filtered 
through a Gooch crucible, washed, dried 
at 100° C., and weighed. From the in- 
crease in the weight of the crucible the 
milligrams of dust per cubic meter of air 
are calculated. 


SOUTH AFRICAN SUGAR TUBE. 


The Miners’ Phthisis Prevention Com- 
mittee of the Union of South Africa has 
made an extended study of dust meas- 
urement in siliceous mines.?. The com- 
Figure 1.—Sugar tube of design used Mittee began its work in 1912 and are 

for the study of dust in the New gtill continuing in 1921. During this 

York subway. ‘ ° . 

time thousands of determinations of the 
weight of dust in air were made with the sugar-tube filter as follows: 

Samples of one-third cubic meter or more of air containing dust 
are aspirated with a calibrated foot pump through 40 grams of 
granulated sugar, between 12 and 60 mesh in size, supported on a 
wire gauze or a layer of cotton or cloth in a glass tube which is usually 
14 inches in diameter (fig. 2). Tubes of other dimensions are also 
used extensively, the diameters varying from 1} to 24 inches. In 


‘Tolman, R.C., Ryerson, L. H., Brooks, N. P., and Smyth, H. D., An electrical precipitator for analyz- 
ing smokes: Jour. Am. Chem. Soc., vol. 41, 1919, pp. 587-589. 

» Fieldner, A. C., Oberfell, A. G., Teague, M. C., and Lawrence, J. N., Methods of testing gas masks and 
absorbents: Jour. Ind. and Eng. Chem., vol. 11, 1919, pp. 519-540. 

* Soper, G. A., The air and ventilation of subways: New York, 1908, p. 244. 

7 General Report of the Miners’ Phthisis Prevention Committee, Union of South Africa: Mar. 15, 1916, 
199 pp.; Final report of the Miners’ Phthisis Prevention Committee, Union of South Africa: Jan., 10. 
1919, 110 pp. 
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the narrow tubes resistance is reduced by using coarse granulated 
sugar in a 83-inch layer; in the wide 2}-inch tube, fine sugar in a 14- 
inch layer is used, the total weight being kept approximately the 
same for the different sizes of tubes. 

At the laboratory the sugar is dissolved in water and filtered 
through a screen of 260 meshes to the inch, which removes all par- 
ticles larger than 50 microns in diameter. The solution containing 
the particles under 50 microns is then divided by a sedimentation 
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Figure 3.—Type A sugar tube 
FiGuRE 2.—Sugar tube of South Afri- used in earlier investigations of 
can design, used in experiments by dust in air by the Bureau of 

the Bureau of Mines. Mines. 


process and division of the solution into two parts, containing, respec- 
tively, “fine” dust, above 12 microns in diameter, and “very fine” 
dust, below 12 microns in diameter. The solutions are filtered 
through filter paper, washed, the paper ignited, and the residue 
weighed. Deductions are made for a corresponding blank and the 
weight of dust of each size in milligrams per cubic meter of air 


calculated. 
BUREAU OF MINES TYPE A SUGAR TUBE. 


The design of the sugar tube used in early investigations * of the 
Bureau of Mines is shown in detail in figure 3. The perforated glass 


* Higgins, Edwin, Lanza, A. J., Laney, F. B., and Rice, George S., Siliceous dust in relation to pulmo- 
nary disease among miners in the Joplin district, Missouri: Bureau of Mines, Bull. 132, 1917, p. 116. 
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plate supporting a 14 to 2 inch layer of unsized granulated sugar is 
fused to the walls of the tube. Thirty-five to one hundred liters of 
dusty air are aspirated through the tube by the lungs of the sampler, 
who uses a mouthpiece equipped with tubes and valves; the exhaled 
air is measured ina bag of 35 liters capacity. In the laboratory the 
sugar with included dust is dissolved in water, the solution filtered 
through a Gooch crucible, and the insoluble residue washed, ignited, 
and weighed. Results are computed to milligrams of dust per 100 
liters of air. 


FACTORS GOVERNING THE DESIGN OF SUGAR TUBES. 
MATERIAL OF TUBE. 


The material from which a sugar tube is made should be cheap, 
easily fashioned into the desired shape, resistant to erosion from the 
sugar particles, resistant to corrosion from moisture, powder smoke, 
and other fumes, and‘not easily broken by ordinary handling or in 
transmitting to the laboratory. 

Glass tubes are cheap and resist erosion and corrosion; moreover, 
they can be cleaned easily and the chances of adding particles from 
the tubes are negligible. They have the disadvantage of being fragile 
and are not readily fitted with the screens needed to confine pulverized 
sugar. 

Metal, on the other hand, is not fragile and can be so made that 
the screens are soldered to the tube, thus preventing the fine sugar 
from passing around the edges of the screen while the tube is being 
mailed from the laboratory to the mine. ‘Tests of aluminum, brass, 
copper, nickel, and monel metal in contact with wet sugar for three 
weeks showed that monel metal and nickel do not corrode sufficiently 
to add any appreciable number of insoluble particles to the sugar 
solution. The other metals showed corrosion. However, metal 
tubes made from monel or nickel cost approximately 6 to 10 times as 
much as glass. Therefore, all things considered, a glass tube with a 
monel metal screen is to be preferred. The ends are closed with 
cork stoppers, which are much cheaper than rubber and equally 
suitable. 

SHAPE OF TUBE. 


The simplest form of tube is a straight cylinder with a one-hole 
stopper at the bottom, similar to the South African design shown in 
figure 2 (see p. 5). Such tubes have proved satisfactory, but 
because of greater resistance to the flow of air and the unused sugar 
in the corners, it is better to draw out the lower end as shown in 
figures 1, 3, or 4 (see pp. 4, 5, and 8). 
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QUANTITY OF SUGAR. 


It is desirable to keep the quantity of sugar charged in a tube as 
small as possible, consistent with high dust filtering efficiency, as 
thereby the error due to impurities in the sugar is kept small and the 
time of dissolving the sugar and filtering the solution is reduced to 
a minimum. One hundred grams of sugar is the largest amount 
that can be handled conveniently in the laboratory. This amount 
has been used regularly in the bureau’s work with type B tubes, 
figure 4 (see p. 8), and 14 to 65 mesh granulated sugar; with pow- 
dered sugar, 48 to 150 mesh, the amount can be reduced to 50 or 60 
grams. 

DIAMETER OF TUBE. 

Sugar tubes varying from j inch to 24 inches in diameter have been 
used by various investigators. With a constant depth of sugar the 
efficiency of the tube increases and the pressure drop decreases as 
the diameter is enlarged. Large tubes are therefore preferable in 
giving a maximum filtering efficiency with a minimum resistance to 
flow. The larger tubes require more sugar, this factor imposing an 
upper practicable limit at about 24 inches diameter. 


DEPTH OF SUGAR LAYER. 


With ordinary granulated sugar the efficiency increases with the 
depth of the Jayer up to 3 inches, but beyond this there is little gain 
in efficiency; the very fine particles seem to be carried through the 
comparatively large interstices of the sugar layer. On the other 
hand, the increase of resistance to flow is directly proportional to the 
depth of the layer. The depth of the layer should therefore not 
exceed the minimum needed for obtaining the high efficiency for a 
given size of sugar particle. In the experiments with 14 to 65 mesh 
sugar, increasing the depth beyond 3 inches did not result in further 
increase of efficiency. Finer granules give a better alternative. 
When powdered sugar of 48 to 150 or even 200 mesh was used, it was 
possible to get practically complete removal of the finest dust in 
relatively thin layers from 4 to 1 inch. 


SIZE OF SUGAR GRANULES. 


Granulated sugar varying from 12 to 60 mesh has been used by 
most investigators. This size is easily obtained and prepared for 
use. However, as will be shown in the subsequent experiments, 
very fine dust particles of the size of tobacco smoke can not be caught 
to any great extent in tubes which have no sugar finer than 60. To 
remove these fine smoke particles requires a layer of from 4 to 1 inch 
of powdered sugar ranging from 48 to 150 or 200 mesh. Sugar of 
this degree of fineness produces a high resistance to flow—from 2 to 


55281°—21——2 
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4 inches of mercury—which necessitates a well-designed reciprocating 
pump or positive rotary suction pump to aspirate the air. It is an 
unsettled question in the minds of the authors whether or not this 
extremely high degree of efficiency of removal of fine dust particles 
of the order of tobacco smoke is necessary or even desirable in the 
investigation of dusty atmospheres. As will be shown later, these 
very fine particles have practically negligible weight and most of 
them are too small to be seen and counted under the microscope as 
used. Obviously, if they are neither weighed nor counted, there is 
no need of catching them in the 
sugar tube. 

This investigation was therefore 
carried out with two general sizes 
of sugar—granulated sugar of vari- 
ous sizes from 14 to 65 mesh in 
tubes which gave a low pressure- 
drop at 32 liters per minute, not 
exceeding 12 inches of water; and 
powdered sugar of various sizes 
ranging from 48 to 200 mesh, in 
which the pressure-drop ranges - 
from 1 to 4 inches of mercury. 

The best design of low-resistance 
or granulated-sugar tubes showed 
weight efficiencies with silica dust 
of 70 to 90 per cent, and optical 
efficiencies against very fine parti- 
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Hnivict Ac 5 ie B Geen taka aed ab pean The best design of high-resistance 
the Bureau of Mines for collecting dust sam- or pulverized-sugar tubes showed 
og optical efficiencies against tobacco 

smoke of 90 to 100 per cent. These tubes were 2$ inches in diameter 

and contained 75 grams of powdered sugar of 48 to 150 mesh in a 

1-inch layer, giving a resistance of 2 to 3 inches of mercury. 


BUREAU OF MINES TYPE B SUGAR TUBE, LOW RESISTANCE. 


Figure 4 gives the details of the low-resistance sugar tube, known 
as type B, adopted for dust investigations in western metal mines in 
1919-1920 by the Bureau of Mines and the U.S. Public Health Serv- 
ice. The glass tubes are blown in a mold; they are 2% inches interior 
diameter, and have restrictions perpendicular to the walls for sup- 
porting the screens; from there the walls taper to a tube }§ inch in out- 
sidediameter. The screens which support the sugar are of monel metal 
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wire, which is noncorrosive. The lower screen is made of wire suffi- 
ciently stiff to support the sugar without sagging. Over the heavier 
screen is a lighter one, with 70 meshes to the inch, for retaining the 
sugar. Both screens are cut of slightly larger diameter than the 
glass tube, so that they stay in place after being put into position. 
One hundred grams of sugar is used, passed through a screen of 14 
meshes to the inch, and retained on one of 65 meshes to the inch. 
This fills the tube to a depth of about 13 inches. The principal 
advantage of this sugar tube over the other forms is its lesser resist- 
ance to the flow of air and greater filtering efficiency due to the large 
cross section of filtering medium. The resistance of various types 
of tubes is given in Table 1. 


TABLE 1.—Resistance to flow of air through different sugar tubes. 


[Sugar, 14 to 65 mesh.] 


Resistance to flow of air (inches of water column). 


Diam-| Rate 4U grams of 100 grams of 13 inches 
Type of tube. eter of | of flow sugar in tuve. | sugar in tube. | depth of sugar. 
tube. | ofair. | Empty i meat i 

tube. 
Loose Son Loose. pi Loose. soir 
Inches. | Liters 
per min.) 
Bureau of Mines, A type ...- i 32 10’ Pans pweslewssaaaslaszasacefaoacscss 70 a>95 
DOit st aese a vias esas A) esol Oe Phe esees [sik sce calle saecale tangs 58 95 
South Africa........2.2.2.... 1/32 lt eon lecvavaasaseecet 65, \[Saes2.02 a>95 
DOC det cee wate a 1/29 Nar ore peony) SF |e: 95 
Der ioesese koe mes 4/32 F 11q 136 ccc vis octetexs Nk 133 
Dob: siasgasetassteasates 24 32 2 2| 2 6 7 6 10 
Bureau of Mines, B type .... 2a| ° 32 i gear] 3 5h 3h 6} 
| 


@32 liters per minute above capacity of testing apparatus. 


This resistance and consequently the filtering efficiency of a given 
tube varies with the manner of packing the sugar in the tube. A 
tube loosely filled with 14 to 65 mesh granulated sugar contains 
0.804 to 0.862 gram per c. c. of calculated tube volume. The average 
is 0.832 gram. 

In the experimental work described in this report the sugar was 
settled by tapping the tube on the side until no further settling 
took place. Under these conditions 1 ¢c. c. of sugar weighed from 
0.877 gram to 0.984 gram, averaging 0.916 gram. 


METHODS FOR DETERMINING THE FILTERING EFFICIEN- 
CIES OF SUGAR TUBES. 


Sugar tubes were tested for filtering efficiencies by two methods. 
In the first or optical method a suspension of tobacco smoke or 
silica dust in air was passed through the filter. Smoke taken from 
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points before and after it had passed through the filter was directed 
in small streams from nozzles of equal diameter into a beam of 
bright light in a dark box. Visual comparison of the two streams 
was made. When the unfiltered smoke was diluted with a measured 
quantity of pure air until it matched the filtered smoke in intensity 
of reflected light, a means of quantitatively determining the measure 
of the efficiency of a filter was obtained. This method was developed 
in the Chemical Warfare Service,® but the apparatus used in experi- 
ments described in this paper had some modifications. 

In addition to the testing against tobacco smoke, similar tests 
were made against silica dust by creating a cloud of dust in the air, 
passing it through the apparatus, and measuring it by the method 
of optical comparison. 

The second or weighing method of testing involved weighing a 
quantity of silica dust in a small apparatus in which a cloud of the 
dust was generated, passing the air with its suspended dust through 
a sugar filter, dissolving the sugar, filtering off the dust, washing, 
igniting, and weighing the silica obtained, and comparing this with 
the loss in weight of silica from the dust-cloud producer. In other 
tests by this method a small Cottrell electrical precipitator was used 
to catch the silica dust passing through the filter, and the dust so 
caught was weighed. 


OPTICAL TEST METHOD. - 


DESCRIPTION OF APPARATUS FOR OPTICAL METHOD. 
TOBACCO SMOKE AS A TESTING MEDIUM. 


Figure 5 is a diagram and Plate I a photograph of the apparatus 
for testing sugar tubes by tobacco smoke. Air under pressure is 
furnished by a small motor-driven rotary blower. The pressure is 
maintained at 4 inches of mercury by regulating a screw clamp on 
the outlet end of the apparatus. This pressure, which is sufficient 
to force air through the entire apparatus against the resistance of 
the sugar tube and other parts, is measured by a mercury manometer 
near the pump. Next to the manometer, in the direction of the 
flow of air, is a flow meter which measures the rate of flow of air. 
Thirty-two liters per minute are used in this work, regulation of the 
rate being obtained by the valves on the pipes near the pump. 
After it leaves the flow meter, the air passes through the 2-inch 
iron pipes, arranged six in parallel, which constitute the tobacco 
burners. 


® Fieldner, A. C., Oberfell, G. A., Teague, M. C., and Lawrence, J. N., Methods of testing gas masks 
and absorbents: Jour. Ind. Eng. Chem., vol. 11, 1919, pp. 519-40, 
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APPARATUS FOR TESTING FILTERS WITH TOBACCO SMOKE. 
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Ficure 5.—Apparatus arranged for testing sugar tubes against tobacco smoke with optical measurements of filtering efficiency. 
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12 SUGAR-TUBE METHOD OF DETERMINING ROCK DUST. 
PREPARATION OF TOBACCO FOR BURNERS, 


The tobacco used is molded into sticks by the following formula: 

Sun-dried tobacco leaf is ground and screened to the sizes needed. 
The sized material is mixed with potassium nitrate and rosin for 
binder, as well as smoke production, in these proportions: 


Formula for tobacco sticks to be used in testing sugar tubes by tobacco smoke. 


Tobacco: Grams, 
20 to'48 amibah sss snk dads Dees eo SSeS ck bas das aoahedscacssesseoeeloce 500 
A516 GOMERDS eased asain save pit ane cade de atid alates weasels Dale cows 300 
G5ito 100 iéshis os asollvesdc sotto ttas & Me RTee Maree acre seb Mbeweccesta eats 200 
Rosin, through 100:mesh.......2:5.3scccesceeces cas scaeens jaan ceee'esabee ac 475 
Potassium nitrate, through 65-mesh..................-02-.-2-220-0.222-200000- 110 


A candle wick is imbedded in the center of the tobacco stick to 
add strength, and the mixture pressed into a sheet-iron mold of 
1-inch-square cross-section and 15 inches length, open on one side. 
The mold is lined with paper to prevent sticking. The mold and 
mixture are baked on a hot plate under the cover of a half-round of 
sheet iron 3 inches in diameter. Each of the four sides of the stick 
in turn is baked to a brown color, the mold being covered with a strip 
of sheet metal before it is inverted to bake the exposed side of the 
stick. Smoke from sticks prepared in this way shows no carbon on 
the filter and the ash is free from carbon. 

The air and the smoke from the tobacco burners pass through a 
large jar, where they are mixed, then through a smaller jar containing 
a wad of cotton wool for filtering out large particles; next the mixture 
is passed through the sugar filter and allowed to escape into a hood, 
or it can be by-passed around the filter and into the hood. 


MEASUREMENT OF TOBACCO SMOKE, 


The remaining apparatus is used to measure the proportion of 
smoke which passes through the filter. On the outgoing side of the 
filter a small glass tube, connected to a stopcock and flow meter, 
allows 1,500 c. c. per minute of the filtered air and smoke to pass 
through a glass nozzle, one-eighth or one-sixteenth inch in diameter, 
into a light beam in a Tyndall box. Smoke from the incoming side 
of the filter is drawn through a similar small tube, stopcock, and flow 
meter, and discharged through a glass nozzle in the Tyndall box 
placed parallel to and one-quarter inch away from the other nozzle. 
The two systems for conducting the incoming and outgoing smoke to 
the Tyndall box are identical in size and length of tubing, constric- 
tions, and bends, to have an equal effect on the deposition of smoke 
particles on the walls. 
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TOBACCO SMOKE AS A TESTING MFDIUM. 13 
MATCHING SMOKE STREAMS. 


In order to dilute the incoming smoke to match the outgoing smoke, 
pure filtered air from the pump is passed through a controlling stop- 
cock with a long lever arm for fine adjustments and a flow meter 
calibrated in percentage figures. It is then mixed with the incoming 
smoke before the smoke comes to its 1,500-c. c. flow meter. This 
latter flow meter is equipped with the device of Oberfell and Mase,” 
which automatically maintains a constant flow of 1,500 c. ¢. of gas. 
When no air is added, 1,500 c. c. of undiluted smoke passes through 
the flow meter; when 1,500 c. c. of air is admitted to the line, only air 
passes through the flow meter and the smoke passes out of the system 
through the regulator and escapes into the room. The smoke leaves 
the line from a point behind that at which the pure air enters, hence 
no admixture of smoke and air occurs before the excess smoke escapes. 
When any amount of the pure air less than 1,500 c. ¢. is admitted, it 
passes through the flow meter with the amount of smoke required to 
make the sum of 1,500 c. c., and the residual smoke automatically 
escapes through the regulator. 

The flow meter which measures the pure air is calibrated in per- 
centage figures, 1,500 c. c. being 100 per cent. Thus, when a filter is 
50 per cent efficient or allows half of the incoming smoke to pass 
through it, a mixture of 50 per cent of smoke and 50 per cent of pure 
air is required in the Tyndall box to match the stream of smoke from 
the outgoing side of the filter. After smoke streams are matched by 
this arrangement, the percentages of efficiencies of the filters are read 
directly from the water column in the percentage-calibrated flow 
Meter. 


DESCRIPTION OF THE TYNDALL BOX. 


The Tyndall box is made of wood painted dead black inside. The 
beam of parallel light, opposite in direction to the streams of smoke 
in it, is provided by a lens and 40-candlepower, 16-volt, nitrogen- 
filled automobile lamp. Voltage is regulated by a small transformer 
using a 110-volt alternating current. Suction is maintained on the 
box to remove excess smoke. The line of sight passes through a small 
pening in the box, allowing observation of about 3 inches of the 
smoke streams just after they had passed from the nozzles. 

efore measurements are made with the apparatus it is tested 
blank—that is, with an open tube in the place of the sugar tube. The 
smoke streams in the Tyndall box are required to match, but in order 
to secure this result the apparatus needs frequent cleaning. 


Wik = : 

16) 

ees berfell, q. A., and Mase, R. P., An automatic compensating flow meter: Jour. Ind. Eng. Chem., 
“11, 1919, pp. 294-296, 
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14 SUGAR-TUBE METHOD OF DETERMINING ROCK DUST. 
SILICA DUST AS A TESTING MEDIUM. 


The apparatus for determining, by optical means, efficiencies of 
sugar in filtering silica dust suspended in air is the same as that used 
for tobacco smoke except for the tobacco burner. The latter is re- 
placed by an apparatus for creating a 
cloud of the dust in the air. The dust- 
cloud producer is shown in figure 6. It 
consists of a wide glass tube, 24 inches 
in diameter, tapered at the bottom over 
a length of 6 inches to 4 inch in diame- 
ter. The narrow tube is bent into a U 
to retain the dust. At the top of the 
glass tube is a rubber stopper with one 
| hole, through which a glass T passes. 

One arm of the T is connected with the 
| filtering apparatus and the other is pro- 
vided with a rubber tube and clamp, 
we through which dust can escape. About 
| half a pound of silica dust is heated from 
200 to 300° C. before being put into the 
| apparatus, and the air to be used is dried 
| with calcium chloride, as asmall amount 


Rubber Stopper: 


of moisture prevents the formation of 
good clouds. The air with its suspended 
silica dust is filtered through the wad of 
cotton wool before it passes to the sugar 
filters, only the smaller dust particles 
taking part in the experiments. 

When this apparatus is in use, silica 
dust is precipitated throughout it grad- 
ually, but at a rate much more rapid 
than that of tobacco smoke. Cleaning 

air ‘i is needed more often, and greater care is 

inlet WEF, given to maintain Tyndall beams of 

sists Pies fe atte. equal intensities, when the apparatus is 
cloud of silica dust in air. tested with blank filters. 


SIZE OF SMOKE AND SILICA PARTICLES USED FOR TESTING. 

Wells and Gerke " have shown that the particles of tobacco smoke 
measure .273 micron in diameter on the average, with an average 
deviation of 1.8 per cent. The tobacco smoke utilized by Wells and 
Gerke for these measurements is produced in the same way as that 


1 Wells, P. V., and Gerke, R. H., An oscillation method for measuring the size of ultramicroscopic par- 
ticles: Jour. Am. Chem. Soc., vol. 41, 1919, pp. 312-29. 
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PROCEDURE IN MAKING OPTICAL MEASUREMENTS. 15 


described in this paper. Since tobacco-smoke particles are so small 
and uniform in size and have very little tendency to clog a filter, 
they make an excellent medium with which to test efficiency with re- 
spect to very fine particles. 

The silica dust referred to in these experiments was ground [lint, 
such as is used in making glazes for ceramic ware. Eighty-cight per 
cent passed through a screen of 200 meshes to the inch and ranged 
from that size to ultramicroscopic sizes; hence, there was no uniform- 
ity of size in the silica particles. Only the smaller particles of silica 
dust were used, however, as the suspension was filtered through a wad 
of cotton batting in the optical testing machine. The particles were 
undoubtedly larger than those of tobacco smoke. 


PROCEDURE IN MAKING OPTICAL MEASUREMENTS. 


Before a filter was tested against either smoke or silica dust, the 
empty tube was tested for resistence to flow of air. A flow of 32 
liters per minute was standard. The required amount of sugar was 
then added and packed to apparently average density by tapping the 
sides of the tube, and the resistance to flow again determined in 
inches height of water or mercury column. The difference between 
the second and the first determinations was resistance due to sugar. 

After measurements of resistance—made on a separate appa- 
ratus—the sugar tube was placed in position and was ready for 
measurements of efficiency. Experience has shown that a thin 
smoke serves better for making optical comparisons when efficiency 
of filtering is low, as is the case of sugar, so that only one tobacco 
stick is burned. When filtering efficiencies are high (95 per cent or 
more) denser smokes are better. Six tobacco sticks are burned when 
measurements of very high efficiencies are to be made. The actual 
filtering efficiency of the sugar is independent of the concentration 
of tobacco smoke or silica dust. This efficiency increases with denser 
clouds, as the deposited dust decreases the size of the voids between 
the sugar grains. 

The accuracy of determinations decreased with the decrease in the 
efficiency of sugar tubes. With efficiencies of 98 per cent, measure- 
ments could be checked to less than 1 per cent; but’ when efficiencies 
ranged at 25 per cent or lower, errors of individual determinations 
_ were as high as 15 per cent. 

There was also a slight tendency for sugar filters to increase in 
efficiency against smoke with use. This was probably due more to 
the packing of the sugar because of its wetting from the water- 
saturated smoke than from a clogging effect of the smoke itself. 

With silica dust there was a marked clogging effect with continuous 
increase in filtering efficiency for each sugar tube. Moreover, there 

55281°—21——3 


! Google gical 


16 SUGAR-TUBE METHOD OF DETERMINING ROCK DUST. 


was a continuous decrease in the density of the cloud of silica dust 
with use, probably due to the decrease in the number of fine particles 
of dust in the cloud producer. The decrease in cloud density and 
consequent lowering of the clogging effect from a given batch of 
silica in the cloud producer causes tests of efficiency of the same kind 
of sugar tubes to show consecutively lower efficiencies. The cotton 
filter was observed to clog with use, but renewing it did not noticeably 
increase the cloud density. 

Because of the difficulty of accurate readings with low efficiencies 
of filtration and other disturbing effects, a number of observations 
of efficiencies were always made. In general, the following procedure 
was observed with tobacco smoke: First, a reading was secured which 
was known to be greater than the actual efficiency by an amount just 
perceptible in the Tyndall streams; then a reading, lower in efficiency 
than the actual, was secured in the same way. One man made six 
such alternate observations and the process was then repeated by a 
second man. Table 2 illustrates some typical results secured in this 
way. 


TaBLe 2.—Typical observations made in determining efficiencies of sugar tubes against 
tobacco smoke. 


{Smoke from one stick of tobacco; rate of flow, 32 liters pee oe tube, 23 inches inside diameter; sugar, 
14 to 65 mesh. 


Depth..of sugar (inches).2.:2.csc2geis ese cid vestige See te geses ashe acs ease z 3 
Resistance to flow of air (inches water): 
Hmpty tube. <2. 5422. 4cee2 casgorsstaieahesgnacearasesaeaeesesse + 4 
Tube with sugar before test...........-.2.------0 22-2 - eee eee eee eee 7 104 
Tube with sugar after test. ..-.....4sc0.005000-02 ceecene sees eoseceet 10; 114 
Readings of efficiency by Readings of efficiency by 
operator 1, per cent. .....- 40 35 operator 2, per cent. ...-.. 35 45 
. 15 24 21 25 
40 65 37 47 
20 25 |" 22 25 
40 70 38 45 
17 39 25 23 
Pot , cioia cs ccjore see ees 172 254 Total’. jssscssccettce 178 210 
Maximum............-..--- 40 70 | Maximum.............----- 38 47 
Average. ......-.-.-.-0+-00+5 29 42 | Average.......-......---.--- 30 35 
Minimum.........---------- 15 24 | Minimum.................-. 21 23 
Binal Maximum: .cocxic yp ehkeansess ter ceces Jose ee saganebedes cee See se's 40 70 
Average of readings by operators | and 2..-.........-.---+---+-+--+++++-+--- 30 38 
Final minitnum, o)..2:.022 3002-50026 8550 6R eho kerehes tee soe Set 22TE sess 15 23 


In the tables that follow, generally only the maximum, minimum, 
and average of the observations are reported. 

When two sugar tubes were being compared against silica dust, 
as, for example, one tube with dry sugar and one with moistened 
sugar, series of readings were made alternately on a fresh, dry tube 
over a period of three minutes, then on a moistened tube over a like 
period, then on a fresh dry tube, and so on. The individual observa- 


Google sided bead ory 


EFFECT OF DIAMETER OF SUGAR TUBE. 17 


tions in these cases were the result of attempts to secure matched light 
telections from the two dust streams in the Tyndall box. The time 
of each observation after a sugar tube was first used was recorded. 
For interpolations, when necessary, efficiencies were plotted against 
time and the efficiencies for the desired times taken from the curves. 
The comparative results from the first, third, and fifth, or dry sugars 
were then averaged and compared with the like averages from the 
second and fourth tests, which were on wet sugars. Likewise, results 
from the second, fourth, and sixth tests were averaged and compared 
with those from the third and fifth tests. This process gave two sets 
of figures for each pair of sugar tubes undergoing comparison, from 
which conclusions could be drawn. More minute details of pro- 
cedure and methods will be described in connection with the results 
themselves. 


RESULTS OF OPTICAL TESTS ON LOW RESISTANCE SUGAR TUBES. 


EFFECT OF DIAMETER OF SUGAR TUBE. 


Table 3 gives the results of optical tests with tobacco smoke for 
determining the effect of the diameter of the tube on the filtering 
efficiency. 

TABLE 3.—Results of experiments showing the effects of varying diameters on the efficiency 

of sugar tubes. 


[Tobacco smoke from one stick; rate of flow, 32 liters per minute; depth of sugar, 1] inches.| 


Diameter | Sizeof | Efficiency 
of tube. sugar. of filter. 


Mesh per Average 


Inches. inch. per cent. 
ly 20 to 35 23 
2 20 to 35 7 
lh 35 to 48 24 
24 35 to 48 32 
iy 48 to 65 K 
2k 48 to 65 60 
1} 14 to 65 38 
2 14 to 65 i 


: The Tesults show an increase in efficiency as the diameters of the 
i ®s Increase. For tubes of 14-inch diameter as compared with 
ose of 24-inch diameter, the smallest difference is 4 percent and the 


‘rgest 24 per cent, with an average of 13 per cent in favor of the 
wider tube. 


EFFECT OF DEPTH OF SUGAR LAYER. 
Table 4 


gives the results of experiments arranged to show the effect 
of the de 


Pth of the sugar layer on the efficiency of sugar tubes. 
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18 SUGAR-TUBE METHOD OF DETERMINING ROCK DUST. 


TaBLE 4.—Results of experiments arranged to show the effects of the depth of sugar on 
efficiencies of sugar tubes. 


[Material used for tests, tobacco smoke from one stick; rate of flow, 32 liters per minute; Bureau of Mines 
tube, design B, 23 inches diameter; size of sugar, 14 Lo 65 mesh.} 


Resistance to flow of air. 
J | Efficiency 
De mh af Tube with sugar. of suyar 
sugar. a 
5 i a tube, 
tube. 
Before test. | After test. 
— | = = - — 
Inches Inches Inches 
of water of water of water Average 
Inches, | column. column. column. per cent, 
1 i 3h 3h 4 
2 $ 7h 103 30 
3 3 10} 11} 38 
4 4 Over 12 Over 12 38 


To a depth of 3 inches, the results show an increase in efficiency 
somewhat proportional to the depth of the sugar. There is no 
advantage in going beyond this depth. The voids with 14 to 65 mesh 
sugar allow the very fine particles to pass through, even at a consid- 
erable depth of layer. 


EFFECT OF THE SIZE OF SUGAR GRANULES. 


Sugar was graded in size by screening through Tyler standard 
screens. The openings in the screens were of these sizes: 


Sizes of openings in screens of different mesh. 


Diameter. Diameter 

Meshes to the inch. of opening. Meshes to the inch, of opening. 
Inch. Inch, 

14e 3 come caates ded Asters ehaiess 0. 046 G5 jase taiaesaesabd ase aeetches 082 

Dies co eiete ge eenetowseneetemass 08285] L0G. aie<seiteisocisaleinnecm wines ce 0058 

DO Vee Fa ocs Ree smnsanonpeciow utes CGE | LOO Gea sg 3 8S Saisare path ee bua caste 0041 

ABS a a RcisteGigedsias Vareaaeeeee se OVUG ||: 2005 ..sn sasiodis pesca sedeassae 0029 


With these screens six sizes of granulated sugar were made: 


1. Through 14-mesh and on 20-mesh screens. 
2. Through 20-mesh and on 35-mesh screens. 
3. Through 35-mesh and on 48-mesh screens, 
4. Through 48-mesh and on 65-mesh screens. 
5. Through 65-mesh and on 100-mesh screens. 
6. Through 14-mesh and on 65-mesh screens. 


The last contained nearly all the sugar as received unsized. A 
screen analysis of high-grade, commercial granulated sugar made 
by the Franklin Sugar Refining Co., of Philadelphia, Pa., and packed 
in paper cartons at the mill, gave the following results when tested 
for size: 
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TABLE 5.—Sereen analysis of granulated sugar. 


Per cent. 

On: 1O-miesh BCreGn. 2.02253 ac batigs catesdas ccs g taadeas caster 0.2 
Through 10-mesh on 14-mesh screen..................50000 2.6 
Through 14-mesh on 20-mesh screen........--...2...--2-+-- 14.7 
Through 20-mesh on 35-mesh screen.......---..--..---.---- ab. 2 
Through 35-mesh on 48-mesh screen.............2..22.2---- 14.1 
Through 48-mesh on 65-mesh screen. ..............-0.0--50.- 7.2 
Through 65-mesh on 100-mesh screen. ........----------..-- 4.4 
Through 100-mesh on 200-mesh screen.............--....+-- 5 
Through 200-mesh screen. .....-.....--2-----22 0222 ee eee eee A 
Motalias: 1. nceeds cast kihe edatsiaces<Fese wars pee eeTER Ss 100. 0 


Most of the granulated sugar used during these experiments, 
whether bulk sugar from barrels or package sugar packed at the 
mills, was of approximately the same size; nearly all of it passed a 
screen of 14 meshes to the inch and lodged on a screen of 65 meshes 
totheinch. This is practically equal to the standard size of 12 to 60 
mesh of the South African committee. 

Tobacco smoke was used as a medium for testing. Table 6 gives 
the results of experiments to show the effect of the size of sugar 
granules on filtering efficiency. 


TABLE 6.—Resulls of experiments arranged to show the effect of the size of granules on 
efficiencies of sugar tubes. 


[Material used for test, tobacco smoke from one stick; rate of flow, 32 liters per minute; tubes, Bureau of 
Mines type B, 24-inch diameter; depth of sugar, 1{ inches.] 


Efficiency of filter. 
Size of | = 
sugar. | 
Maximum. Average. | Minimum, 
| | 
Meshes per | 
inch, Per orn Per ce oi Per cent. 
20 to 35 | 5 
35 to 48 8 Ef 15 
48 to 65 72 | 60 50 
14 to65 64 | 4 42 


The results show an increased efficiency with decrease in the size 
of the sugar granules. The 14 to 65 mesh sugar showed efficiencies 
averaging between the 35 to 48 and the 48 to 65 mesh sizes. Among 
the low-resistance sugars 14 to 65 mesh seems best adapted for gen- 
eral use, from the standpoint of convenience and efficiency. 


EFFECT OF WETTING SUGAR WITH WATER OR ALCOHOL. 


When tests were made with tobacco smoke, dry sugar was always 
used at the start, but the smoke contained so much moisture pro- 
duced by the burning of the tobacco, which either condensed on the 
sugar or was caught by it, that. the sugar quickly became moist. 
After the smoke had passed through the sugar tube for from one to 
two minutes, the moisture was usually sufficient to prevent the sugar 
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20 SUGAR-TUBE METHOD OF DETERMINING ROCK DUST. 


from falling from the tube when it was inverted. As previously 
stated, the moisture in the smoke causes some packing of the sugar 
when the latter becomes damp. This was largely responsible for 
the slight increase in the efficiency of sugar tubes with use against 
tobacco smoke and for the increase of the resistance to the flow. 
Because of the moisture in the smoke itself, all of the tests with 
tobacco smoke may be considered as performed with damp sugar 
tubes. 

To secure a comparison of dry sugar and wet sugar, tests were 
made against silica dust clouds. After the sugar had been placed in 
the tube it was dampened with distilled water or 35 per cent alcohol 
from a continuous-spray medicine atomizer while air was being drawn 
through at a rate of 32 liters per minute. The air current drew the 
moisture into the lower layers of sugar, but most of it was retained 
near the surface. The spraying was continued until the surface was 
visibly wet. The 35 per cent alcohol was used since it had been 
recommended by the South African committee ” for increasing the 
efficiency of tubes when used in dry atmospheres. 

Dropping water on the sugar was unsatisfactory because of the 
effect of the water in gathering the sugar granules together in clumps, 
with crevices between them. The 35 per cent alcohol had a much 
less clumping effect when dropped on the sugar, but spraying both 
the water and the alcohol gave better results. 

Three series of tests were made with three fresh charges of silica in 
the dust-cloud producers. The first series consisted of three tests of 
three minutes duration each with dry filters and three tests of three 
minutes duration each with water-wet filters. The wet and the dry 
filters were alternated, the wet filter being used first. The second 
series was like the first, except that a dry filter was used first. In the 
third series, 35 per cent alcohol was used to wet the sugar. Table 7 
gives the results of the tests. 

Comparison of the averages of the percentage efficiencies for the 
wet and dry sugars in Table 7 shows that the wet sugar was slightly 
more efficient than the dry for filtering silica dust from air. The 
average difference of efficiency for all the observations on water-wet 
sugar amounted to only about 4 per cent in favor of the wet sugar; 
the 35 per cent alcohol-wet sugar gave an average for all observations 
about 5 per cent higher than the corresponding observations on dry 
sugar. Hence, no material advantage is gained in wetting the sugar 
with either alcohol or water. 


12 General Report of the Miners’ Phthisis Prevention Committee, Union of South Africa: Mar. 15, 
1916, p. 74. 
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WEIGHT-TEST METHOD. 23 
OPTIMUM LOW RESISTANCE SUGAR TUBE BASED ON OPTICAL TESTS. 


The results of the optical tests are not very precise, owing to the 
impossibility of making close comparisons when the efficiency of the 
tube is below 80 per cent. However, the relative influence of various 
factors, including the diameter of tube, depth of sugar layer, size of 
granules, and wetting of sugar, is shown, and a study of these factors 
indicates that a sugar tube of the form shown in figure 4 (see p. 8), 
23 inches in diameter, containing 100 grams of 14 to 65 mesh sugar, 
fairly well packed, is the optimum style of tube where low resistance 
is necessary, such as when using the breathing bag for taking samples. 
A tube of this type shows an optical efficiency of from 40 to 65 per 
cent when tested with tobacco smoke, and of 60 to 80 per cent when 
tested with silica dust. The resistance of this tube at 32 liters per 
minute flow is from 2 to 14 inches of water, depending on the degree 
of packing of the sugar and the proportion of finer particles and mois- 
ture present. The increase of efficiency when the sugar is dampened 
is only 4 to 5 per cent, insufficient to justify moistening it before use. 


WEIGHT-TEST METHOD. 


Determinations of dust in air are commonly reported in terms 
of weight and numbers of particles per unit volume of air. The opti- 
cal tests give a measure of the efficiency of sugar tubes with respect 
to the number of particles rather than the weight, as the surface- 
reflecting effect of the very fine particles that tend to pass through 
the sugar tube is much larger in proportion to the weight than 
is the reflecting effect of the coarse and heavy particles retained in 
the tube; therefore, much higher efficiencies would be expected on 
a weight basis. 


DESCRIPTION OF APPARATUS FOR WEIGHT MEASUREMENTS. 


The apparatus for determining the efficiencies of sugar tubes by 
weighing the dust is shown in figure 7. Air from a blower is passed 
through fused granular calcium chloride to dry it, then through 
cotton wool and to a flow meter where the rate of flow of 32 liters of 
air per minute is indicated. After it passes this large flow meter 
the air is divided into two parts, the smaller passing through a small 
flow meter which registers rates of a few hundred cubic centimeters 
per minute, then through the silica dust in the small cloud producer, 
which is small enough to be weighed on a precision balance. This 
cloud producer is the same in principle as that used to originate 
dense dust clouds for the optical determinations, but because its 
size is small and because only a few milligrams of dust in cloud form 
are wanted, only a small part of the 32 liters of air is passed through 
the dust. The T tube at the top of the cloud producer is made a 
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24 SUGAR-TUBE METHOD OF DETERMINING ROCK DUST. 


part of the producer itself. The main body of the 32 liters of air 
passes through the arms of the T, mixes with the small volume 
of air and dust rising from below, and carries it to the sugar tube. The 
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Fioure 7.—Apparatus used for determining the efficiency of sugar tubes by weighing silica dust. 


OUST-CLOUD PRODUCER 


4Y4 AMG 
sugar tube is attached by a rubber stopper to the further arm of the 


dust-cloud producer, which is curved downward. The air escapes 
after it passes through the sugar tube. The proportions of air 
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WEIGHT-TEST METHOD. 25 


passing through the dust and the upper part of the cloud producer 
are regulated by screw clamps on rubber-tube connections. It is 
necessary to tap the producer lightly at intervals of about 10 seconds 
to secure the desired clouds. 


PROCEDURE IN MAKING WEIGHING TESTS. 


Before the apparatus was assembled for testing, silica dust, freshly 
dried by heating in a Bunsen flame, was put into the cloud producer 
and the openings closed with rubber stoppers. The outside was then 
carefully wiped with a clean cloth and the cloud producer allowed 
to stand in the balance case for 15 minutes. The balance was of the 
Ruprecht type used to weigh gases; it had a capacity of 100 grams 
and was sensitive to 0.01 mg. Weights were recorded to the nearest 
0.1 mg. The apparatus was then assembled and operated for 10 
minutes; ‘then the dust-cloud producer was removed, stoppered, and 
weighed with the same precautions used previously. The loss of 
silica dust constituted the difference in the two weighings. 

The sugar with the silica dust caught in it was transferred from 
the filter tube to a beaker of 1,000 c. c. capacity, the tube carefully 
washed with distilled water to transfer any remaining dust, and the 
solution made up to about 600 c.c. The beaker was covered with a 
watch glass and heated until all soluble matter had dissolved. It 
was then filtered hot through an 11-cm. ashless filter paper of close 
texture. When the solutions were handled in this way, about two 
hours were required for the filtrations, but if they were allowed to 
stand until cold, more time was needed and mold sometimes formed 
overnight. To prevent bacterial growth, one c. c. of ¢. p. formalin 
was added when necessary. Any residual insoluble matter re- 
maining in the beakers was carefully rubbed from the sides and 
washed into the filter papers with hot distilled water. Three such 
washings were given to the beaker and a fourth to the dust in the 
filter paper. After filtration was completed, the wet filter paper 
was folded and put point down in a weighed porcelain crucible, the 
crucible covered, and placed in a cold muffle furnace. The furnace 
was heated and maintained four hours at red heat, as this was 
found to be sufficient to burn all combustible matter. The crucible 
was then cooled in a desiccator over fused calcium chloride. It 
was weighed on the delicate balance to the nearest milligram. The 
weight of the crucible had been previously determined, so the gain 
minus a blank for the sugar represented the silica. 

Six determinations as described above were usually run in parallel, 
two being blanks on the sugar. - The method was determined upon 
after tests had been made on the rate of solution and filtering of 
sugar on the nonvolatile matter from the sugar and filter paper, and 
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26 SUGAR-TUBE METHOD OF DETERMINING ROCK DUST. 


on the length of time required for complete ignition. Attempts were 
made to determine the efficiencies of sugar filters by weighing the 
sugar tubes directly, but without success. This result was probably 
due to moisture changes in the sugar during the test and to the un- 
avoidable errors involved in weighing such a large and heavy vessel. 
Using Gooch crucibles and weighing after drying at 105° C., without 
ignition, was also investigated and found unsatisfactory, owing to 
variable amounts of insoluble combustible matter in the sugar. 


INSOLUBLE NONCOMBUSTIBLE MATTER IN SUGAR. 


Table 8 gives the results of tests to determine the impurities in 
different brands of sugar which were both insoluble and noncom- 
bustible; that is, the blank which must be subtracted from the 
weight of matter found to obtain the weight of dust. 


TABLE 8.—IJnsoluble noncombustible matter from different lots of granulated sugar. 


| 
Insoluble}  Milli- 
Lot or _ | 

eo ct ae . Weight | noncom- |grams 

Variety of sugar. oe: of sugar. | bustible |100 pl 
: matter, | sugar. 

Grams. MQ. 

1 140 2.2 Ld 
2 140 1.6 1.0 
2 140 1.8 LL 
2 140 | 2.0 1.3 
2 140 1.8 Ll 
3 140 1.9 1.2 
3 140 2.0 1.3 
1 140 1.8 1.1 
1 140 1.7 Ll 
1 140 1.9 1,2 
1 140 1.7 11 
1 140 1.5 8 
1 j 140 1.6 1,0 
1 140 1.2 8 
1| 140 1.4 9 
1 140 1.3 8 
1 | 140 1.6 1.0 
2 | 100 1.6 L6 
2) 100 1.2 1.2 
2 100 1.5 L5 
3 | 100 2.1 2.1 
4 100 2.4 24 
5 100 2.4 2.4 
5 | 100 2.7 2.7 
5 | 100 2.3 23 
6 | 100 3.2 3.2 
6! 100 3.0 30 


The table shows that ordinary bulk granulated sugar taken from 
a cloth bag compares favorably with high-grade package sugar in 
purity. In spite of this fact, bulk sugar is more likely to be contami- 
nated by dust. The greatest difference in the weights of blanks from 
one lot of sugar, determined by ignition, was 0.4 mg.; however, large 
differences were found for the several lots, the greatest extremes being 
1.2 and 3.2 mg., for different packages of Franklin sugar. These 
figures include the weight of ash from the ashless filter papers and 
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the distilled water, as well as dust from the room air, but such 
included weights are quite small and constant in comparison with 
the weights from the sugar itself. 


RESULTS OF WEIGHING TESTS ON BUREAU OF MINES TYPE B LOW- 
RESISTANCE SUGAR TUBE. 


The results of the weighing test on the Bureau of Mines type B 
low-resistance sugar tube are given in Table 9. The sugar solution 
with the suspended dust was filtered through C. S. & S. blue-ribbon 
ashless filter papers, ignited and weighed. 

Table 9 shows that the weight of silica dust recovered was usually 
less than that evolved from the cloud producer. The maximum loss 
of dust was 2.2 mg. and the average loss was 1 mg. Three experi- 
ments showed gains of 0.7, 0.1, and 0.1 mg. 


TABLE 9.—Results of weighing tests with silica dust. 


|Sugar, 14 to 65 mesh; Bureau of Mines tube, type B, 23 inches diameter; rate of flow, 32 liters per minute.] 


Dust Weight Average Net | 
—_ Weight | evolved of dust blank weight Dust Rihoioeey Group 
| of sugar. | from cloud | found in to be of dust lost. Tecove! No. 
producer. | sugar tube.| subtracted.) found. ty: 
Mg. Mg. Mg. Mg. Mg. Per cent. 
5.7 | *s0 1.5 6.5 20.8 114 | 1 
wiseisnccs|osetmbace 6.8 | 7.9 15 6.4 4 94 | 1 
6.5 | 7.6 1.5 6.1 4 94 1 
dactriacdasctcscre TER: ctsaecertvelotaracnveses|-sscseapmesslsbtadaweseasel 1 
8.4 10, 2 Qe 78 0.6 93 2 
&7 9.7 2.4 7.3 1.4 84 2 
4.6 6.8 2.4 4.4 2 95 2 
3.9 6.4 2.4 4.0 a1 103 | 2 
asin 7.4 7.6 24 5.2 2.2 70) 2 
WU Po eN pen leer tree rl Perce see easectgeeas 2 
7.4 2.5 4.9 1.9) 72 | 3 
6.8 2.5 4.3 1.3 78 3 
5.0 2.5 2.5 1.3 66 3 
10.3 2.5 7.8 2.4 77 3 
7.5 2.5 5.0 1.4 78 3 
2.4 3 
6.6 4 
8.0 4 
19.5 4 
6.8 4 
2.7 |. 4 
2.3 |. 4 
7.9 5 
8.3 5 
6.7 5 
71 5 
3.2 5 
3.0 5 


2 Gain. 6 Run on a damp day; sugar was damp and caked in the filter. 


Experiments with the damp sugar indicated a higher filtering 
efficiency than those with dry sugar. This result is in accordance 
with results by optical methods. In general, the weight efficiency of 
the Bureau of Mines type B tube, with 100 grams of 14 to 65 mesh 
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28 SUGAR-TUBE METHOD OF DETERMINING ROCK DUST. 


sugar, is from 70 to 90 per cent—from 10 to 15 per cent higher than 
the optical efficiency with silica dust clouds. The 10 to 30 per cent 
loss represents fine dust passing through the sugar tube and_ that 
caught in the sugar but lost when it passed through the filter paper. 

Although C. S. & S. blue-ribbon filter papers of closest texture were 
used, microscopic examination of the filtrates disclosed numerous 
particles of fine silica dust, 


RESULTS OF TESTS WITH HIGH-RESISTANCE TUBES 
USING PULVERIZED SUGAR. 


At the beginning of this investigation it was assumed that the 
sugar tubes must have a relatively low resistance, not exceeding 13 
inches of water or 1 inch of mercury (at 32 liters flow per minute). 
This limit was imposed because of the usual practice of aspirating the 
dusty air through the sugar tube with the lungs and exhaling into a 
calibrated breathing bag. As the work proceeded, a foot pump was 
tested for aspirating the air. It proved very satisfactory in prac- 
tice, measuring the air to within an accuracy of 3 or 4 per cent, 
even when the sugar tube had as high a resistance to flow as 3 or 4 
inches of mercury (at 32 liters per minute). 

This change in method, therefore, opened up the possibility of 
developing more efficient filtering tubes of higher resistance, con- 
taining finely grained sugar. The following series of tests were un- 
dertaken for this purpose. 


SIZES OF GRANULES IN PULVERIZED SUGAR. 


Two lots of commercial pulverized sugar, purchased at different 
times, were analyzed for sizes by screening, the screens being of the 
standards specified on page 18. The results are given in Table 10. 


TABLE 10.—Scrcen analyses of commercial pulverized sugars. 


Lot 1. Lot 2. 
| 

On 20-meah . oo hn. Spice ee Sodas kee gest feels as ...-per cent... 0.2 0.0 
20 to 30 mesh. . . Oe ~ & 2.0 2.2 
30 tO: 48 MeShs :.25765c02 scc255nc855576 do. 9.1 4.3 
AQ to GO Mess» Ao. esse dee seiadsad ae SNE seRceaklewen (Gee 36.9 13.0 
65:to TOO thésh:.'s s.c.500ceisae ees cestalacean cestetnnee s Sock don. = 11.7 33.7 
100, to) 150 meshes, 6.2.45 ets acct dacehee bated soon ise do.... 20.7 a 33.4 
5016-200 mess oss secs 5 bes papeh og elek acne Gere aspele a dacgktns do 12153 ca ane 
Througies200Mesh. ses cosa clasheswadlcs So oemaeees Baek ee? do Us 13.4 

Total ccssecccasb te souese cess pcaasioalleaaesaceusodess do 100.0 100. 0 


a Through 100-mesh on 200-mesh. 


As shownalater, the sugar through 48-mesh and on 150-mesh screens 
is suitable. More than 60 per cent of this size is yielded by pulverized 
sugar. 
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TESTS WITH MIXTURES OF GRANULATED AND PULVERIZED 
SUGARS. 


Pulverized sugar was first used in these tests in the attempt to 
fill the crevices between the granules of granulated sugar, thus 
increasing its filtering efficiency. The resistance to the flow of air 
through such mixtures was found to be very high; a thin, }-inch 
layer of sugar was therefore tested, giving a weight of only 20 grams 
in a tube 23 inches in diameter. Light weight is of advantage, 
since it reduces the work and time va 

Rt as SS 
necded for determination in the RS 
laboratory and the errors due to 
impurities in sugar. In order to 
retain the fine sugar in the tube, § p—s——1 +] 
ascreen of 200 meshes to the inch Ree Rubber stopper 
was placed above the stiff screen 
and the edges were embedded in a 
plasticene. 

The first experiment with the 
mixture of sugars showed that 
moisture in the smoke caused the 
thin layers to contract from the 
sides of the tube and to develop 
cracks much like mud when dry- 
ing. To prevent this, the arrange- 
ment shown in figure 8 was de- 
vised. A fine screen covered by a 
stiff one was placed on top of the 
thin sugar layer; a spring above 
these put pressure on the sugar, 
stopping the warping and crack- Figure 8.—Arrangement ofscreensand spring above 
ing. Table 11 gives the results of a thin layer of pulverized sugar to prevent crack- 
the tests. ing by moisture. 

Included in the table are results obtained with 100 per cent pul- 
verized sugar in 20 and 10 gram quantities, about 0.25 and 0.1 inch 
depths, tested with wet smoke and smoke dried with fused calcium 
chloride. Results show that none of the mixtures of granulated and 
pulverized sugars is as good as the pulverized sugar alone. The 
efficiency in all cases declines with increasing use, in spite of the fact 
that theresistanceasawholeincreases. The decline seems to be caused 
by a stopping of the filter in parts and channeling in other parts. The 
maximum increase in resistance of 2.2 to 3 inches of mercury column, 
equivalent to 29.9 to 40.8 inches of water, was obtained in the test 
with dry smoke on 100 per cent pulverized sugar one-fourth of an 
inch deep. With wet smoke the decline in efficiency was 21 per 


/4mesh screen 
200-mesh screen 
Plasticene 
/4-mesh screen 
Pulverized sugar 
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cent or more during 15 minutes. The highest efficiency, 98 per cent 
at the beginning and 94 per cent after 15 minutes, was shown by 
pulverized sugar one-fourth of an inch deep. 


TaBLe 11.—Resulls of smoke-filtering experiments with mixed pulverized and granulated 
sugars. 


[Pulverized sugar used without being screened, granulated sugars, 14 to 65 mesh; Bureau of Mines type B 
filter, 2 inches diameter, with screens and spring above sugar; smoke from one tobacco stick: rate of 
flow, 32 liters per minute. ] 


Mixture of Resistance to 
sugars flow, at 32 L. per Filtering efficiency. 
YY welg. . oe 
by weight Weight | Depth minute 
of 008 SSS SS SS cS Remark. 
suga.’. | Sugar.¢ | 
Pulver- | Granu- | Before | After Red After | After | After 
ized: lated. test. test. min-| 5min- 10 min-) 15 min- 
} utes. | ules. | utes. | utes. 
Inches | Inches 
Per Per of mer- | of mer- Per Per Pe Per 
cent. cent. Grams. | Inches. ait at cent. cent. cent, cent. 
10 90 20 0.23 23 .3{ 20-30] 20-30] 20-30] 20-30] Wet smoke. 
50 50 20 25 8 a 60 40 6 20 620 Do. 
80 20 20 +25 1.5 1.7 89 8) 65 50 Do. 
90 10 20 «25 1.8 2.1 92 90 80 70 Do. 
100 0 20 -25 2.1 2.1 96 90 85 75 Do. 
100 0 10 1 1.3 1.5 85 | 78 60 50 Do. 
100 0 20 -25 2.2 3.0 98 96 95 94 | Dried smoke. 
100 0 10 ai | 1.5 1.9 89 84 80 75 Do. 
a Figures for depth are nominal because of slight unevenness of screens. b+ Approximate. 


In general, granulated sugars alone, or mixtures of granulated and 
pulverized sugars, are not as desirable as pulverized sugar alone, 
The latter, even with the small quantities used, gave efficiencies about 
twice as great as previously found with any granulated sugars. 


EFFECT OF SIZES OF THE FINE GRANULES. 


Table 12 gives the results of the tests, arranged to show the filtering 
powers of mixtures of sizes of pulverized sugar included between 
different limits. Screens and springs were not used above the sugar 
in these tests; it was possible to test thin layers of sugar against 
dry smoke because no warping and cracking occurred. The table 
shows that with wet smoke there is generally a small decline in resist- 
ance, but with dry smoke the resistance stays more uniform. With 
both wet and dry smoke efficiency declines with use, but the decline 
is usually greater with wet smoke. 

Of the various sizes of sugars, 48 to 150 mesh, 1 inch deep, combines 
a moderate resistance to flow with high efficiency, with a percentage 
of 90 or more against wet smoke through a 15-minute period. 
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Tape 12.—Results of experiments arranged to show the effect on filtering efficiencies of 
mized sizes of pulverized sugars included between different limits. 


(Tubes, Bureau of Mines type B, 23 inches diameter; top screens and spring not used; smoke, from one 
tobacco stick; rate of flow, 32 liters per minute.) 


| | Resistance. | Filtering efficiency. 


sizeof | Depth of| Weight of ——————- | Condi n 
bo as 2 SNR car ey RN smoke. | After2 After5 | After 10 | After 15 
Before. ter. minutes. minutes. | minutes. | minutes. 
| 

Mesh per Inches of | Inches of | 

inch. Inches. Grams. | mercury. | mercury. Per cent. Per cent.| Per cent.| Per cent. 
65 to 200 0.5 40 | 2.7 2.6 Wet. 98 96 94 93 
48 to 150 17 60 2.0 1.8 Wet. OF 5 85 gL | 78 
48 to 200 135 x) 2.5| Wet. 98 96 93 90 
65 to 100 75 60 | 21 21 Wet. 95 | 91 83 St 
65 to 150 75 60 | 2.9 2.7 Wet. 98 95 92 89 
65 to 200 75 60 3.4 3.3 Wet. 9 | 98 97 | 95 
48 to 100 1.0 75 | 1.7 1.7 Wet. 4 | 92 89 87 
48 to 150 1 75 2.5 2.3 Wet. 9% | 95 92 
48 to 200 1 75 3.8 3.5 Wet. 98 97 96 95 
65 to 100 1 75 2.2 2.2 Wet. 97 o4 92 89 
65 to 150 1 75 2.5 2.3 Wet. 98 96 95 oH 
65 to 200 1 75 3.8 4.0 Wet. 99.5 | 99.5 99 99 
65 to 200 25 20 1.6 | 6] Dry. es | Bt 81 78 
65 to 200 .38 30 2.5 2.5 Dry. 94 93 92 %” 
65 to 200 5 40 3.0 | 3.0 Dry. 7 97 96 95 
48 to 100 75 60 1.8 1.5 Dry. 92 88 86 84 
48 to 150 75 60 2.0 1.9 Dry. 93 92 91 89 
48 to 200 75 60 3.0 2.8 Dry 98 97 97 96 
65 to 100 75 60 1.8 1.8 Dry. o4 93 92 91 
65 to 150 75 60 2.7 2.7 Dry. 98 97 97 96 
65 to 200 +75 60 3.3 3.3 Dry. 99 98 98 97 
48 to 100 1.0 15 1.7 | 1.7 Dry 93 91 88 86 
48 to 150 1 75 2.5 | 2.3 Dry 98 97 97 9% 
48 to 200 1 15 3.6 3.0 Dry 99 98 98 97 
65 to 100 1 75 2.2 2.2 Dry 97 96 96 95 
65 to 150 1 75 3.0 3.0 Dry. 99 98 98 97 
65 to 200 1 75 40 lozaisss3 cos DLys;}) CODD: [aaccices cela sea can}s seas scares 
4 Resistance too high to finish. 


EFFECT OF DEPTH OF PULVERIZED SUGARS. 


Comparison of the figures in Table 12, if based on the increasing 
depth of sugar with the mesh and other variables constant, shows an 
increasing filtering action with increase in depth in every case. Only 
one series of 65 to 200 mesh sugar at five different depths was made, 
using dry smoke. The comparison is shown in figure 9. With depths 
between one quarter and one-half inch the decline in efficiency with use 
was considerable and increased with decrease of depth; at one-half 
inch and above the decline in efficiency was only 2 per cent after 15 


minutes of use. 
TESTS WITH SILICA DUST. 


Two tests were made with silica dust by the optical method. The 
tube was a Bureau of Mines type B, 23 inches in diameter, holding 75 
grams of 48 to 150 mesh pulverized sugar, nominally 1 inch deep. 
No dust whatever was visible in the effluent from the tubes in the 
Tyndall box. Since it was impossible to discern dust in these tests 
at indicated efficiencies above 98 per cent, it can only be stated that 
the filtering efficiency against the dust was higher than 98 per cent. 
This efficiency continued for a period of three minutes; afterwards 
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the resistance increased beyond the capacity of the test apparatus. 
In practice resistance would not increase to this extent because of 
the very much lighter dust suspension; therefore the filters as tested 
will prove practicable. 


TESTS WITH CALIBRATED FOOT PUMP. 


The greatly increased resistance to flow of air through the pul- 
verized sugars introduces new sources of error; the higher vacuum 
needed to draw air increases the probabjlity of leakage around the 
piston of the pump, and the slower flow of air into the pump cylin- 
der at the end of each stroke introduces a possibility of incompletely 
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Figure 9.—Curves showing the relation between the depth of pulverized sugar and filtering efficiency. 


filling the pump with air at atmospheric pressure before the next 
stroke is begun. 

Experiments were therefore made to determine the accuracy of 
the outfit for measuring air drawn through pulverized-sugar tubes of 
various resistances. Notes were also taken of the physical exertion 
required to operate the pump at the various high resistances. 

The foot pump was a “lungmotor’’ resuscitation pump to which 
suitable check valves and connections for sugar tubes were attached. 
The lungmotor is a double-barreled single-acting pump of aluminum 
and brass and is designed to give a volume of 0.05 cubic foot of air per 
full stroke, or 1 cubic foot per 20 strokes. For the tests with pulver- 
ized sugar, a calibrated dry meter with a negligible resistance to flow 
was connected to the top of the sugar tube as shown in the photo- 
graph designated as Plate II. The tube was connected, with 
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APPARATUS FOR PUMPING TESTS WITH PULVERIZED SUGAR. 
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noncollapsible rubber tubing of three-quarters inch inside diameter, 
to the pump; a mercury manometer, connected by tubing and aT, 
indicated the vacuum at the sugar tube. The pump discharged 
freely into the room. A metronome beating one-half second inter- 
vals timed the strokes of the pump as follows: 

Beat 1, down stroke; beat 2, beat 3, and beat 4, upstroke, giving 
suction; beat 5 and beat 6, rest, holding piston at top. 

That atmospheric pressure in the pump cylinder was attained at 
the end of each stroke was indicated by the mercury manometer and 
by the suction which the operator felt on the piston handle. The rate 
of pumping was always sufficient to allow the full measure of air, as 
indicated on the meter and the manometer, to pass into the cylinder. 
(See Table 13). 

Table 13 shows that it is entirely feasible to use sugar tubes with a 
resistance to flow of 3 inches of mercury at 32 liters per minute, and 
it is probable that resistances as high as 4 inches could be used. Test 
347 had a final resistance of 4 inches but the data are vitiated by a 
leaky valve. As far as the labor of pumping was concerned, 20 
minutes of pumping at 15 cycles per minute caused no sense of being 
overworked to a man of average strength. Test 346, in which the 
resistance ranged from 4.9 to 6.2 inches of mercury, became tire- 
some and was stopped after 13 minutes. In this test as well a low 
volume of sampled air per cycle was shown, probably because of leak- 
age around the piston. The valves seemed to work perfectly, but as 
they were made of thin mica disks, the strain on them was undoubt- 
edly severe and leaks developed later. After leaks were indicated 
aluminum plates were substituted for the mica. Tests 483, 489, and 
490 show closely agreeing pump characteristics. The average vol- 
umes per stroke for a sampling period agree to within 2 per cent, and 
the maximum deviation shown for a single minute is less than 9 per 
cent. The Jabor of pumping the apparatus for 15 or 20 minutes was 
not much in excess of that needed to operate the pump with no out- 
side resistance to air flow, as is indicated by the operator’s maximum 
heart beat of 100 at the end of a test period. Tests 521 and 522 were 
made at 30° C. in water-saturated air to determine the effect of high 
humidity on the work required for pumping. Pulverized sugar 
showed a slight decrease in resistance, but the granulated sugar 
showed no change. 


RESULTS OF TESTS WITH LOW AND HIGH RESISTANCE 
TUBES IN TANDEM. 


As a final comparison of efficiencies of the lower resistance granu- 
lated-sugar tubes with high resistance pulverized-sugar tubes, tests 
were made by the weighing method with two tubes in tandem, granu- 
lated sugar being the first to receive the dust. The weight of the 
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dust and the number of particles caught by each tube were deter- 
mined, as well as the number of particles which with the filtrates 
passed through the close texture filter papers. Table 14 gives the 
results. 

As indicated by the final averages in Table 14, 90.4 per cent of the 
weight of the dust evolved was caught by the granulated sugar and 
4.5 per cent by the pulverized, with 5.1 per cent of the weight lost. 
Special tests were made to determine the loss of the silica dust by 
volatilization during ignition. No such loss was shown. Although 
no silica dust was visible on the 280-mesh screen used (some matter 
from the sugar was caught), special tests by igniting and weighing 
the screen-caught matter definitely proved no loss of dust there. 
The only remaining source of loss is through the filter papers. It 
is not practicable to determine the small weight of dust known to 
be present in the filtrate, but the loss of 5.1 per cent may be safely 
assumed to be there. ‘The granulated sugar, catching 90.1 per cent 
of the weight of dust evolved, is satisfactory to the extent that the 
additional 4.5 per cent weight caught by the pulverized sugar would 
hardly justify a change because of this consideration alone. 

On a basis of the total numbers of particles recovered, 75.2 per 
cent were caught by the granulated and 24.8 per cent by the 
pulverized sugars. This result shows the pulverized sugar to be 
much more efficient in catching the very small particles which are 
large in number, but negligibly small in weight. 

It is still a question whether the number of these minute particles 
is more important from a hygienic standpoint than their mass. 
That point may be finally decided later, however. At present, it 
seems advisable to use pulverized sugar for dust sampling. 


GENERAL DISCUSSION OF RESULTS OF TESTS. 


The tests described in this paper have dealt with very small quanti- 
ties of particles in an extremely fine state of division. The difficulties 
of accurate manipulation and observation have been considerable, 
hence, variations due to nonuniform packing of sugar in the tubes, 
channeling, and filling of interstices with the deposited dust during 
a determination have produced material variations in the individual 
tests. Nevertheless the average results of. series of measurements 
show definite tendencies from which conclusions can be drawn. 

In the optical tests with silica dust the efficiencies of the sugar 
tubes increased as the tests proceeded; in some instances where 
rather dense clouds were used, the increase was from 46 per cent to 
91 per cent in three minutes from the start of the test, the increase 
being much less with very dilute clouds of dust. Since in practice 
it is important that sugar tubes retain as much as possible of the 
dust when in very dilute suspension, the figures obtained before the 
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clogging takes place should be used for comparison. In the weighing 
tests the dust evolved was small enough to produce only a negligible 
clogging; hence the efficiencies formed may be taken as those of the 
sugars themselves. Tobacco smoke, on the other hand, consists of 
fairly uniform particles of a smaller order of magnitude than the 
silica dust and affords a testing medium that does not clog the sugar 
as rapidly. It gives a better means than silica dust of rating the 
efficiencies of the sugar tubes for very small particles, especially on 
the basis of numbers, as with the smoke particles of uniform size 
the optical efficiency also measures the numerical efficiency. 


LOW RESISTANCE TUBE WITH GRANULATED SUGAR. 


When the results of the tests are considered from the above points 
of view, it may be stated that the new Bureau of Mines sugar tube, 
designated as type B, represents one of the most practicable and 
efficient styles of tube possible with granulated sugar containing 
no finer granules than 65-mesh. The relatively large amount of 
sugar—100 grams—that is necessitated by a tube 2% inches in 
diameter, introduces more tedious manipulation in dissolving and 
filtering, but this extra work is necessary to get adequate filtering 
results with low resistance to the flow of air. 

On a weight basis with silica dust this tube has an efficiency of 
75 to 95 per cent, depending upon the degree of packing and the 
humidity of the atmosphere. On the basis of numbers the optical 
tobacco-smoke tests are the best criteria for the very smallest parti- 
cles; relatively, a negligible weight of these particles which border on 
the ultramicroscopic in size produces a distinct effect in the Tyndall 
beam. It may be considered that the practical number efficiency 
of a sugar tube is certainly not less than the 40 to 60 per cent found 
with smoke and is probably in the region of 75 per cent, as indicated 
by the tests with tandem tubes. 

Everything finally considered, it appears safe to conclude that the 
number efficiency of the type B tube ranges between 40 and 60 per 
cent for very fine particles of the nature of tobacco smoke, these 
figures including particles finer than can be counted under the micro- 
scope as ordinarily used for this purpose; 60 to 85 per cent represents 
the number efficiency of the tubes as used in practice. On the weight 
basis the present low-resistance granulated sugar may be considered 
satisfactory for measuring the dustiness of air, since at least 75 per 
cent and usually 90 per cent or more of the dust is caught. On the 
numerical basis it fails to retain a sufficient quantity of fine particles 
to be entirely satisfactory. Obviously, finer-grained sugar with a 
higher resistance to flow must be used to obtain satisfactory measure- 
ments of numbers. 
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The experiments previously described have shown that with fine- 
grained pulverized sugar it is possible to filter from air practically all 
the particles that are large enough to be counted under the micro- 
scope. Even with tobacco smoke, 50 to 75 grams of 48 to 150 mesh 
sugar in a 23-inch tube will give from 80 to 95 per cent optical effi- 
ciency. This figure corresponds to the 98 per cent or more efficiency 
as determined by optical tests with silica dust and may be safely 
taken as 100 per cent efficiency on a number of particles basis in 
actual practice. 

Tubes of pulverized sugar have not yet been given a thorough trial 
in the field. Possibly some trouble may occur from clogging and 
shrinking of the sugar when it is used in very humid atmospheres. 
However, with experience and further trial, it is hoped that any such 
difficulties may be overcome and that a tube may be perfected that 
eventually retains all the dust aspirated into it. 


SUMMARY AND CONCLUSIONS. 


The determination of dust in the air of mines by the method now 
in use by the Bureau of Mines involves filtering a measured volume 
of air through a layer of granulated sugar; in the laboratory the 
sugar is then dissolved, filtered through close-texture paper, washed, 
the paper and dust ignited, and the incombustible matter weighed. 
A blank is subtracted for the sugar and other substances. The 
remainder represents the dust. The number of dust particles is also 
determined by counting those in a small volume of the sugar solution 
under a microscope. 

The efficiency of sugar as a filter was investigated by two methods. 
The first consisted in passing tobacco smoke or silica dust suspended 
in air through the filter. Two streams of dust, one from the air en- 
tering the filter—‘‘incoming”’ dust or smoke—and the other from 
the air leaving the filter—‘‘outgoing”’ dust—were compared in a 
beam of light in a Tyndall box. By diluting the incoming dust or 
smoke stream in the Tyndall box with measured amounts of pure 
air until it matched the outgoing stream, a means of quantitatively 
determining. the efficiency of the filter was obtained. The second 
method of testing consisted in generating clouds of silica dust from a 
small weighed amount of dust and filtering the suspended dust 
through sugar filters. Loss in weight of the original dust was then 
determined and compared with the weight from the sugar after dis- 
solving, filtering, washing, igniting, weighing, and subtracting the blank. 

The principal conclusions from the investigation are these: 

1. The filtering efficiency of sugar tubes increases with increase in 
the diameter of the tubes. Various tests made with tobacco smoke 
to compare tubes of 14 and 24 inches diameter showed efficiencies 
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between 23 per cent and 60 per cent, with an average difference of 13 
per cent in favor of the wider tube. 

2. The rate of flow of air through unit cross sections of a sugar 
tube is smaller as the tube increases in diameter; hence from the 
first conclusion it may be stated that the efficiencies of the filters 
decrease as the rate of air passage increases. 

3. The effect of wetting sugar with water or with 35 per cent alco- 
hol and testing it optically against silica dust shows an average 
increase of 4 per cent for the water and 5 per cent for the 35 per cent 
alcohol over comparative efficiencies of dry sugar. Averages for 
similar tests indicate a minimum efficiency of 57 per cent with dry 
filters after one-half minute of use, and a maximum of 94 per cent 
for wet sugar after three minutes of use. 

4, Sugars of different sizes, tested with tobacco smoke, show an 
increased filtering efficiency with increasing fineness. For example, 
when a tube 2} inches in diameter is used, the efficiency ranges from 
27 per cent for sugar from 20 to 35 mesh to 60 per cent for sugar from 
48 to 65 mesh, while pulverized sugar of 48 to 150 mesh sizes gives 
over 90 per cent efficiency. 

5. Experiments with tobacco smoke to demonstrate the effect of 
increasing the depth of granulated sugar on the filtering efficiency 
show efficiencies of 14 per cent for a 1-inch depth and 88 per cent for 
a 4-inch depth. The effect of the increasing depth grows less as the 
height increases. 

6. Sugar contains considerable amounts of insoluble noncombus- 
tible matter compared to the weight of dust in samples, and the 
amounts vary for different lots of sugar; hence it is necessary to run 
blanks for every lot and it is advisable to run blanks with each set of 
samples. 

7. Tests by the method of weighing silica dust before and after 
producing clouds and passing them through filters, then of recovering 
and weighing the dust caught by the sugar, show efficiencies of dust 
recovery ranging from about 70 per cent to 95 per cent. 

8. Microscopic examination of sugar solutions which had passed 
through C.S. &S. blue ribbon paper filters, very close in texture, shows 
an appreciable loss of silica dust which has passed through the filter. 

9. Tests by the weighing method show higher efficiencies for sugar 
tubes than tests by the optical method of testing with silica dust, 
probably because the finer dust passes through the sugar tubes. 
The optical method is based on the reflection of light from the dust 
surface. The surface of the finer dust is greater than the corre- 
sponding weight, so that a lesser efficiency is indicated by the 
rs sal method. 

. A sugar tube containing 65 grams of pulverized sugar, 48 to 
186 ees size, was found to give over 92 per cent sioney against 
wet tobacco smoke for 15 minutes. 
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A limited supply of the following publications of the Bureau of 
Mines has been printed and is available for free distribution until the 
edition is exhausted. Requests for all publications can not be 
granted, and to insure equitable distribution applicants are requested 
to limit their selection to publications that may be of especial interest 
to them. Requests for publications should be addressed to the 
Director, Bureau of Mines. 

The Bureau of Mines issues a list showing all its publications avail- 
able for free distribution as well as those obtainable only from the 
Superintendent of Documents, Government Printing Office, on pay- 
ment of the price of printing. Interested persons should apply to 
the Director, Bureau of Mines, for a copy of the latest list. 


PUBLICATIONS AVAILABLE FOR FREE DISTRIBUTION. 


Bu.ietry 39. The smoke problem at boiler plants, a preliminary report, by D. T. 
Randall. 1912. 31 pp. 

BuLLeTIN 49. City smoke ordinances and smoke abatement, by S. B. Flagg. 1912. 
55 pp. 

BuLLeTin 73. Brass furnace practice in the United States, by H. W. Gillett. 1914. 
298 pp., 2 pls., 23 figs. 

BuLietin 74. Gasoline mine locomotives in relation to safety and health, by O. P. 
Hood and R. H. Kudlich, with a chapter on methods of analyzing exhaust eat by 
G. A. Burrell. 1915. 84 pp., 3 pls., 27 figs. 

Buuvetin 84. Metallurgical smoke, by C. H. Fulton. 1915. 94 pp., 6 pls., 15 Seu 

BuLLETIN 87. Houses for mining towns, by J. H. White. 1914. 64 pp., 8 pls., 9 
figs. ; : 

BuLietin 93. Miners’ nystagmus, by F. L. Hoffman. 1916. 67 pp. 

Buttetin 105. Black damp in mines, by G. A. Burrell, I. W. Robertson, and G. G 
Oberfell. 1916, 92 pp. 

BuLLetin 132. Siliceous dust in relation to pulmonary disease in the Joplin district, 
Mo., by Edwin Higgins, A. J. Lanza, F. B. Laney, and G. S. Rice. 116 pp., 16 pls., 
6 figs. 

BuLLetiIn 139. Control of hookworm infection at the deep gold mines of the Mother 
Lode, California, by J.G. Cumming and J. H. White. 1917. 53 pp.,1 pl., 5 figs. 

Butietin 140. Occupational hazards and accident prevention at blast-furnace 
plants, based on records of accidents at blast furnaces in Pennsylvania in 1915, by 
F.M. Willcox. 1917. 155 pp., 16 pls. 

TecHNICAL Paper 11. The use-of mice and birds for detecting carbon monoxide 
after mine fires and explosives, by G. A. Burrell. 1912. 15 pp. 

TrecHNICAL Paper 62. Relative effects of carbon monoxide on small animals, by 
G. A. Burrell, F. M. Seibert, and I. W. Robertson. 1914. 23 pp. 

TECHNICAL PAPER 82. Oxygen mine rescue apparatus and physiological effects 
on users, by Yandell Henderson and J. W. Paul. 1917, 102 pp., 5 pls., 6 figs. 
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TecnNnicaAL Paper 102. Health conservation at steel mills, by J. A. Watkins. 
1916. 36 pp. 

TrecCHNICAL Paper 106. Asphyxiation from blast-furnace gas, by F. H. Willcox. 
1916. 79 pp., 8 pls., 11 figs. 

TECHNICAL Paper 116. Miners’ wash and change houses, by J. H. White. 1915. 
27 pp., 3 pls., 3 figs. 

TECHNICAL PareR 122. Effects of oxygen deficiency on small animals and on men, 
by G. A. Burrell and G. G. Oberfell. 1915. 12 pp. 

TECHNICAL Paper 132. Underground latrines for mines, by J. H. White. 1916. 
23 pp., 2 pls., 7 figs. 

TecHNICAL Paper 153. Occurrence and mitigation of injurious dusts in steel works. 
by J. A. Watkins. 1917. 20 pp., 4 pls. 

TecHNIcaAL Parer 156. Carbon monoxide poisoning in the steel industry, by J. A. 
Watkins. 1917. 19 pp., 1 fig. 

TECHNICAL Paper 229, Accident prevention in the mines at Butte, Mont., by 
Daniel Harrington. 1920. 59 pp., 2 pls. 

TECHNICAL PArER 248. Gas masks for gases met in fighting fires, by A. C. Field- 
ner, S. H. Katz and S. P. Kinney, 1921. 61 pp., 9 pls., 5 figs. 

TecHNicaL Paver 251. Ventilation in metal mines, by Daniel Harrington. 1920, 
44 pp. 

TECHNICAL PareR 260. Miners’ consumption in the mines of Butte, Mont., by 
Daniel Harrington and A. J. Lanza. 1921. 19 pp. 

TecHNICAL Paper 261. Oil camp sanitation, by C. P. Bowie. 1921. 3 pls., 4 figs 


PUBLICATIONS THAT MAY BE OBTAINED ONLY THROUGH THE SUPERIN- 
TENDENT OF DOCUMENTS. 


BuLLETIN 62. National mine rescue and first aid conference, Pittsburgh, Pa., 
September 23-26, 1912, by H. M. Wilson. 1913. 74 pp. 10 cents. 

BuLtetIn 98. Report of the Selby Smelter Commission, by J. A. Holmes, F. C. 
Franklin, and R. A. Gould, with reports by associates on the commissioners’ staff, 
1915. 525 pp., 41 pls., 14 figs. $1.25. 

TecunicaL Paper 33. Sanitation at mining villages in the Birmingham district, 
Ala., by D. E. Woodbridge. 1913. 27 pp., 1 pl., 9 figs. 5 cents. 

TECHNICAL Parer 105. Pulmonary disease in the Joplin district, Mo., and its 
relation to rock dust in the mines, by A. J. Lanza and Edwin Higgins. 1915. 48 
pp., 5 pls., 4 figs. 10 cents. 
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